A histological study has been made of the development of the skin and hair follicles in 33 foetuses, ranging in age from 68 to 274 days, and seven new-born specimens, of various breeds of Bos taurus L. Skin samples were taken from the mid-lateral region of the trunk, and both serial sections and whole mount preparations have been examined. Extensive use has been made of' counts of the follicle and hair population as well as skin and hair follicle measurements which hitherto have apparently received little attention in studies of this type.
A histological study has been made of the development of the skin and hair follicles in 33 foetuses, ranging in age from 68 to 274 days, and seven new-born specimens, of various breeds of Bos taurus L. Skin samples were taken from the mid-lateral region of the trunk, and both serial sections and whole mount preparations have been examined. Extensive use has been made of' counts of the follicle and hair population as well as skin and hair follicle measurements which hitherto have apparently received little attention in studies of this type.
Follicle initiation extends from about the 77th day of gestation to about the 166th day. F'irst-, later-, and last-formed follicle types are recognized and their special features and rates of development are described. Since all the follicles are associated with sweat glands and nearly all with arrector pili muscles, no attempt was made to classify them into primary and secondary types similar to those described in sheep and other mammals. The hairs of the first-formed follicles emerge at about the 200th day, and 20 days later most of the follicles have emerging hairs. In one foetus (251 days) and two of the new-born calves there are a few second-cycle follicles with emerging hairs.
Branching of follicles as found in sheep and other mammals has not been observed. There is, however, the phenomenon of pairing, apparently not previously described in mammals, where two (occasionally three) follicles, arising independently from the epidermis, share a common hair canal.
Follicle group formation, although sometimes recognized, especially below the level of the sebaceous glands, is not a prominent feature in cattle.
Some features in the development of skin and hair follicles in B. taurus are compared with those in the sheep, mouse, and other mammals. In B. taurus the maximum follicle density of 233 per mm" at approximately 166 days gestation decreases to between 46 and 88 per mm" at birth, when the hair density is even slightly greater than in Merino sheep at the same conception age (i.e. approximately 4 months after birth).
Attention is drawn to the need for further pre-and post-natal histological studies of the integument of different breeds of cattle, and particularly of seasonal and nutritional influences on the hair cycles. Such studies are fundamental to a better understanding of the variations in the coat associated with acclimatization.
I. INTRODUCTION
Although cattle are economically very important, there are comparatively few publications on the skin and coat. For the most part, these studies have been concerned with the importance of the coat in problems of acclimatization and environmental physiology (Camek 1920; Duerden and Whitnall 1930; Bonsma and Pretorius 1943; French 1946; Bonsma 1949; Yeates 1954 Yeates , 1955 Yeates , and 1958 . In these studies particular emphasis has been given to the types of hair, and the influence of season, environment, and nutrition.
In addition, a number of histological investigations have been made. The structure, and in some cases the density, of the hair follicles and their associated structures, has been studied by de Meijere (1894), Yamane and Ono (1936) , Barisson Villares and Berthet (1951a) , Carter and Dowling (1954) , Dowling (1955a Dowling ( , 1955b , Shafei (1955a, 1955b) , and Walker (1957b) . Other work, directed particularly to the structural and functional aspects of sweat glands, has been carried out 'by Findlay and Yang (1950) , Barrison Villares and Berthet (1951b) , Goodall and Yang (1952) , Yang (1952) , Ferguson and Dowling (1955) , Nay and .Hayman (1956) , and Nay and Dowling (1957) . Furthermore, Findlay and Yang (1948) and Goodall and Yang (1954) investigated capillary distribution in the skin, and Dowling (1955b) , Walker (1957a) , and Patel and Anderson (1958) measured skin thickness. The majority of these observations were made on adult material.
All authors agree that in the cow there is only one type of follicle, similar to the primary follicle of sheep in that it is associated with a sweat gland, sebaceous gland, and arrector pili muscle. However, distinctly larger follicles with thicker and larger hairs occur amongst the smaller ones. This, and not the usual criterion for follicle classification which is based on the position in the follicle group and the presence or absence of some of the associated structures, forms the basis of Bonsma's (1949) division of the hairs into primary and secondary types.
With the exception of Postma (1947) , who used the stage of hair follicle development as seen with the naked eye as one of the criteria for estimating foetal age, and Winters, Green, and Comstock (1942) , who made a few observations, there seems to be no published account of.the development of the skin and hair follicles in cattle. It is the aim of this paper to give such an account of the pre-natal development in Bos taurus L., and to make a comparison of some features with those of other mammals.
II. MATERIAL AND METHODS

(a) Animals and Age Determination.
Details of the animals sampled are shown in Table 1 . Twenty-five of the foetuses were collected from freshly killed animals at the State Abattoir, Homebush, N.S.W., and the remainder of the material from eastern New South Wales.
The body weights of all specimens were obtained and body measurements were made of all but seven foetuses and four new-born calves.
The foetal age was determined from information available on the artificial insemination or last service date of the dam. The recorded age of each foetus was checked against Postma's (1947) body weight and body length data for black and white and red. and white cattle in Holland. An additional check of foetal age was carried out using the data of Winters, Green, and Comstock (1942) . When the estimated age differed markedly from the recorded age the former was used. 
(b) Skin Sampling and Histological Methods
All skin samples were taken from the mid-lateral region of the trunk. At least two samples were taken from each specimen and one or both of these were fixed in 5 per cent. formol saline. Some additional samples were fixed in Zenker's or Bouin's fixative.
With the exception of six foetuses, at least one sample from each specimen was taken with a trephine, 1 em.in diameter, similar to that used by Carter and Dowling (1954) , and serial-sectioned at 8 ft parallel to the skin surface. Some additional rectangular skin samples were taken for vertical serial sections of the skin cut at 8, 15 or 20, and 40 ft, parallel to the long axes of the hair follicles. All the sections were stained with haemalum, eosin, and picric acid. Haemalum-stained whole mounts of skin of foetuses up to 119 days were also examined.
(c) Skin and Follicle Measurements
(i) Macroscopic Measurements.-The total thickness of the trephined skin sample, or of an additional sample taken from the preserved foetus or complete skin, was measured with skin callipers under constant pressure. Where necessary, hair was closely clipped, and any fragments of fascia on the subcutaneous surface were trimmed to the panniculus carnosus.
(ii) Microscopic Measurements.-The manner in which the microscopic measurements of the skin, hair follicles, and associated structures were taken is illustrated in Figure 1 . These measurements were made on all complete follicles, irrespective of type or size, using a microprojector at a magnification of X 215 or X 500.
The counts of follicle and hair density were made with a microprojector at a magnification of X 115 or X 215, or both, on two to eight fields each of 1 mm'' (see Table 2 ), taken at random on whole mounts or transverse sections of skin, and corrected for shrinkage in a manner similar to that described by Carter and Dowling (1954) .
(
d) Terminology
As the formation of distinct follicle groups is not a characteristic feature of the skin of cattle, and because all follicles are associated with a sweat gland and usually an arrector pili muscle, no attempt has been made to classify the follicles into primary and secondary types similar to those recognized in sheep (Hardy and Lyne 1956 ) and bandicoots (Lyne 1957a) .
In the place of this subdivision the follicles have been divided into first-, later-, and last-formed types. The first-formed, as well as being the largest pelage follicles in the foetus, are characterized by the formation of an ental swelling to which the arrector pili muscle is attached. Medullated hairs are formed by these follicles, at least during the first hair cycle. Later-formed follicles are characterized by their tendency to form pairs which share a common epidermal hair canal. The larger of the pair resembles the first-formed type in most features. The smaller does not form an ental swelling and its arrector pili muscle is very small, or occasionally may be absent, at least during the first hair cycle. Most of the later-formed follicles form non-medullated hairs. The last-formed include some of the smaller of the paired follicles in addition to solitary ones. Only non-medullated hairs are formed by these follicles during the first hair cycle.
III. THE DEVELOPMENT OF INDIVIDUAL FOLLICLES (a) Stages in the Development of Follicles of the First Hair Oycle
The eight stages of hair follicle development for mammals in general (Hardy and Lyne 1956 ) can be recognized in B. taurus. The following account is limited to the special features of the follicles at each of the defined mammalian stages. Two subsequent stages have been added to cover the entire hair cycle, including the period of quiescence.
(i) First-formed Follicles (see Fig. 2 
)
The various stages are: Stage 1: Follicle plug.-This stage is divided into la, when the length of the plug is less than its diameter (Plate 1, Fig. 1 ), and Ib, when the length is equal to or greater than the diameter. Stage 3 : Papilla.-This stage is subdivided according to the shape of the dermal papilla. At stage 3a the base of the follicle becomes concave and the dermal papilla is recognized; its depth is less .than its diameter. The arrector pili muscle (usually of two strands) extends obliquely from the upper level of the dermis to the ental swelling which is.now very prominent (Plate 1, Fig. 4 ). The hair canal is formed by the keratinization of epidermal cells and the migration and degeneration of sebaceous cells. ifhe stages of hair canal development appear to be similar to those described in the )\iIerino sheep foetus (Lyne 1957b) . The sweat gland, which extends to a level between-the ental swelling and follicle bulb, contains a small lumen. At stage 3b the length of the dermal papilla is at least equal to its diameter. The epidermal portionof the hair canal is bent so that it lies almost parallel to the skin surface. The very:~rominentental swelling is at its maximum size (Plate 1, Stage 10 :Olub hair formation.-Three substages are recognized: stage lOa, when the follicle shows the first indication of. cessation of activity (contraction of the bulb and wrinkling of the connective tissue sheath around it); stage lOb, when the formation of a club hair with a brush end is;first recognized; and stage. IOc, when the club hair is fully keratinized (Plate 2, Fig. 3 ; Plate 3,~ig. 2). Stages 10a-IOc are accompanied by marked changes in the. follicle and hair. Medulla formation ceases, followed by cessation of the formation of hair cuticle and inner root sheath. Meanwhile the follicle decreases in length and the bulb and dermal papilla degenerate until they appear somewhat as they did at stage 3.
(ii) Later-formed Follicles
(1) Solitary Follicles .-These follicles go through the same stages of development as the first-formed but they are smaller and an ental swelling is not recognized except in association with the largest in this category. (2) Paired Follicles (see Fig. 3 ).-Two (occasionally three) .follicles develop in juxtaposition directly from the epidermis and share a common hair canal which begins its development within the stratum spinosum (Plate 4, Figs. 1 and 2 ). The two follicles differ in size; the smaller and later-formed one is usually on the ectal side of the larger. Each forms a normal sweat and sebaceous gland and the two hairs which develop emerge through a common orifice (Plate 4, Fig. 3) . If there is a size difference in the two hairs the smaller one is formed by the smaller follicle. The larger follicle has an arrector pili muscle and sometimes, an ental swelling, whereas the smaller has only a muscle which is very small and may even be absent. The smaller follicle begins its development when the larger one is at about stage 2a, and when the latter is at stages 3b andd the former is usually at 2a and 3b respectively. The development of the smaller follicle may be very slow and in some specimens it appears to be vestigial. The larger follicle may reach stage lOb before the smaller one has reached stage 4. This suggests that some of the smaller .folliclesremain stationary during the active phase of the larger of the pair.
(iii) Last-formed Follicles
Both solitary and the smaller of some of the paired follicles are included in this category and their development is similar to that described above. No ental swelling has been observed with these last-formed follicles. formed a stage is reached which is equivalent to stage 4 of the first hair cycle. The new hair usually grows up the follicle on the ectal side of the old hair. Regeneration of both solitary and the larger of some of the paired follicles has been observed in the material examined.
(b), Stages inthe Development of Follicles of the Second Hair Cycle
(i) First Oycle.-The relation between the foetal ,age and the stage of development of the different types of follicles, and the period of follicle initiation (lasting about 3 months), are shown in Figure 4 . As no hair follicles are formed by branching, B. taurus has its full complement of follicles more than 3 months before birth.
The most advanced of the first-formed follicles, which begin their development at about the 77th day of gestation, reached stage 8 in about 126 days and stage IOc in about 200 days. These first-formed follicles appear to remain stationary at stage 3a for about 30 days. As seen in Plate 2, Figures 2 and 3, there is a distinct difference in the stage reached by the follicles at birth in different specimens. In the four new-born Jerseys, all the follicles are at stage 10c, whereas in the remaining new-born material the first-formed follicles are at stages 9-10c, the most advanced of the later formed at stage 10c of the first hair cycle to stage 8 of the second hair cycle, and the last formed at stages 8-9.
Between 203 and 218 days some of the later-formed follicles overtake the first formed and some of them reach stage lOb by the end of this period.
Most of the last-formed follicles develop at a faster rate than the first formed, taking only about 120 days to reach stage 10c whereas the latter take 200 days. At 218 days, however, a few of the last-formed type appear vestigial and may not form a hair. At birth, all the follicles examined have reached at least stage 8 of the first hair cycle.
(ii) Second Oycle.-Some of the later-formed follicles have entered the second cycle at or before birth. In the 251-day foetus and in two of the seven new-born calves some second-cycle follicles have emerging hairs (Fig. 4) .
(d) Relation between the Foetal Age and the Follicle and Sweat Gland Length
(i) Follicle Length.-The relation between the foetal age and the length of all the first hair cycle follicles measured is shown in Figure 5 .
At 203 days, when the most advanced of the first-formed follicles are at stage 8, the maximum length is 1000 ft (Plate 2, Fig. 1 ). At 248-266 days some of these follicles have reached their maximum length of 2100-2200 ft. At birth the maximum length is 1600 ft. The later-formed follicles which overtake the first formed in stage of development, are much smaller and do not grow to the same length. The growth of the shortest of the last-formed follicles, .as seen by joining the minimum points (Fig. 5) , is markedly different to that of the longest of the first formed.
(ii) Sweat Gland Length.-The relation between the foetal age and the length of all the sweat glands measured is shown in Figure 6 . After the maximum length is reached at approximately 250 days, there seems to be little change in length, other than that associated with the follicle stage. Insufficient material is available to ascertain any breed differences.
(e) Relation between the Follicle Stage and the Follicle and Sweat Gland Measurements during the First Hair Oycle
(i) Follicle Length.~When the maximum and minimum follicle length is plotted against the stage of development (Fig. 7) , it is clearly seen that the elongation of the longest follicles (first formed) is followed by a marked decrease in their length.
The longest stage 9 'follicles measured are more than 2ttimes the length of the longest at stage LOc, All the follicles reach a maximum length at stage 9 but this is not so prominent a feature in the shortest ones. 
.. (ii) Depth of Muscle Attachment.-The depth of the muscle attachment (Fig. 7 ) also increases and then decreases during the first hair cycle. When the first-formed follicles are at stages 3a-4 the arrector pili muscle appears to be firmly attached t? the ental swelling of the' outer root sheath (Plate 1, Figs. 4 and 5). If this attachment remains, and as there appear to be very few cell divisions above it, it is possible that a large proportion 'of the increase in the length of the follicle is brought about by hypertrophy of the outer root sheath cells above the attachment. (iv) Sweat Gland Length.-The relation between the follicle stage and the maximum and minimum sweat gland length is shown in Figure 7 . A maximum is reached at stage 9, decreasing slightly to stage IOc.
(v) Angle of Slope.-At stage Ia the follicle has no visible slant or slope (Plate 1, Fig. 1 ), although it typically develops one very shortly thereafter. In most cases, after the slope has become established the follicle continues to grow in the same direction. The angle of slope of the large first-formed follicles, however, changes with the stage of development of the follicle, reaching a minimum at stage 9. When the first hairs emerge there is a marked difference between the angle of slope of the first-formed follicles and the remainder (see Plate 2, Fig. 1 ). Later, when the firstformed follicles are at stage 9 there is less difference in this angle. As the follicles decrease in length in passing from the active to the quiescent stage they lie more perpendicularly to the skin surface (Plate 2, Fig. 3 ).
IV. DEVELOPMENT OF THE FOLLICLE AND HAIR POPULATION (a) Follicle Groups
The development of follicle groups, characteristic of most mammals, is not a prominent feature of the skin of cattle. However, group formation is not entirely absent at certain stages during the development of the follicle population.
The first hair follicles appear as isolated structures without any apparent order (Plate 5, Fig. 1 ). However, these follicles are not located at random with respect to one another; two individuals never touch one another. They are spaced one or more of their own diameters apart. Each of these first-formed follicles will be the central member of a different follicle group. As soon as each first-formed follicle has penetrated a short distance into the dermis it apparently acts as an organizer of other follicles close by, for a pair of satellites (later-formed follicles) then usually appears, the members of the pair taking positions on opposite sides of the central follicle (Plate 5, Fig. 2 ). When this trio stage is reached the main foundations of the follicle group have been laid.
After the formation of these trio groups more follicles (later and last formed) develop, usually on the ectal side of the group (Plate 5, Fig. 4) . Some of these follicles form pairs, either with one another or with a lateral member of the trio, the smaller of the pair generally on the ectal side (Plate 5, Figs. 5 and 6).
(b) The Density of the Follicles and Hairs
The total population of follicles and keratinized hairs was counted on serial sections, cut parallel to the skin surface, and on stained whole mounts of skin. A summary of the results is shown in Table 2 and plotted in Figure 4 . It is interesting to note that the maximum follicle density, which is reached at approximately 166 days gestation, coincides with the end of the period of follicle initiation from the epidermis. Thus, up to this stage, follicle formation more than balances skin expansion. The maximum of about 233 follicles per mm'' (Plate 5, Fig. 3 ) decreases to between 46 and 88 follicles per mm'' at birth (Plate 5, Fig. 6 ). This decrease in follicle density is proportional to the increase in surface area as calculated from the relation given by Brody (1945, p. 359) for Jersey and Holstein cattle:
where A == skin surface area in sq. m., and W == body weight in kg.
The hair density reaches a maximum at about 255 days.
The slight differences in the follicle and hair densities after 248 days, as shown in Table 2 , are due to the presence of some immature follicles (i.e. less than stage 6), some follicles with second-cycle hairs, and very occasional hair shedding. In postnatal studies, Carter and Dowling (1954) have pointed out' that the difference between follicle and "hair populations may be as great as 20 per cent., due to shedding and regeneration.
(c) The Relation between Follicle Types in the Skin and Hair Types in the Coat
In the course of studies on the total follicle and hair population, counts have been made of the different follicle and hair types. During the first hair cycle all the large (medullated) hairs are formed by the largest follicles, many of which belong to thefirst-f9rmed tyPe with distinct ental swellings. All or most of the nonmedullated hairs are formed by follicles which are without ental swellings. The larger members of some of the paired follicles form medullated hairs whereas the smaller of the pair always form non-medullated hairs.
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The percentage of medullation, as seen in the sections, is shown in Table 2 . As all club hairs are non-medullated no medullation is seen in skin sections when an the follicles are at stage 10c (Table 2 , birth samples (b)-(e)). Some of these hairs would, however, be medullated at a higher level.
V. DEVELOPMENT OF THE SKIN
The macroscopic calliper measurements of the thickness of the skin samples clearly show that the skin increases in total thickness throughout the foetal period, from the beginning of follicle initiation to birth (Fig. 8) . Microscopic measurements of the thickness of the epidermis and dermis were made on vertical serial sections of the skin cut parallel to the long axes of the hair follicles.
Since clearly defined developmental stages of the hair follicles have been determined it has been possible to correlate some of the thickness changes which occur in the skin with those which take place in the follicles and sweat glands. Some of these changes are diagrammatically shown in Figure 8 .
There is a well-defined increase and subsequent decrease in the thickness of the epidermis during the foetal period. During the period of follicle initiation and while the follicles are growing in length, the epidermis becomes approximately twice as thick as it was at the beginning of follicle initiation. The thicker epidermis contains a greater number of cell layers and a more prominent stratum spinosum.
The dermis (and total skin) increases in thickness throughout the entire period of foetal life. No attempt has been made to make separate measurements of the papillary and reticular layers described in adult cattle skin by Dowling (1955b) and Walker (1957a) .
Because the angle of slope of the follicle is usually less than 90 0 its depth is less than its length. The maximum depth reached by the longest follicles measured is slightly more than half their maximum length. The maximum sweat gland depth is reached at birth whereas the maximum length is found at approximately 260 days gestation.
VI. DISCUSSION (a) Rate of Follicle Development
The rate of follicle development in the cow (B. taurus), sheep, and mouse has been compared in terms of the absolute time scale and an equivalent time scale (Fig. 9) .
The first-formed follicles in the cow develop from stage 1 to 8 in approximately 126 days while the equivalent follicles in the sheep (Hardy and Lyne 1956 ) and mouse (Hardy 1949) pass through the same stages in about 38 and 9 days respectively. With the aid of the percentage "half-time" scale proposed by Lyne and Verhagen (1957) the rate of follicle development in the cow is compared with that in the sheep and mouse. This makes the mouse the slowest, while the cow and sheep have a similar rate of growth. The half-time is the time taken to reach half the ultimate linear equivalence (or cube root of the body weight) when measured from conception to adulthood.
The first hair cycle in the cow extends over a period of approximately 200 days compared with approximately 25 days in the mouse (Davidson and Hardy 1952) . Winters, Green, and Comstock (1942) observed the first appearance of hair follicles in cattle in a 90-day foetus, and the complete covering of the body with hairs at 230 days. Macroscopic observations on the emergence of hair were also included in Postma's (1947) criteria for age determination of cattle foetuses. He states that both 210-and 212-day foetuses may be covered with short hair. Both these studies thus support present observations which show follicles on the mid-lateral region of the trunk first appearing at about 77 days and hairs emerging at about 203 days. taurus, sheep (Hardy and Lyne 1956) , and mouse (Hardy 1949) , in terms of the absolute time scale and an equivalent time scale (see text).
(b) Follicle and Hair Density
The density of follicles and hairs at various stages of development in the cow and sheep have also been compared using absolute and equivalent time scales (Fig. 10) .
Note that the maximum follicle density in the cow is reached before, and in the sheep (Carter and Hardy 1947) after, the first hairs emerge. The maximum hair density in both the cow and sheep is reached during the late pre-natal period.
Another feature to be noted in this comparison is that in the sheep the maximum follicle density is reached after the maximum hair density whereas in the cow it occurs before this stage.
In Merino sheep, follicle initiation. from the epidermis has ceased, at about 115 days gestation (Lyne, unpublished data) . The increasing follicle density thereafter can be explained by branching of the secondary follicles. 'and sheep (pre-natal, Carter and Hardy 1947; post-natal, Lyne, unpublished data) , in terms of the absolute time scale and an equivalent time scale (see text). The post-natal data for cattle is taken from Carter and Dowling (1954) . The curves through the points have been drawn by free-hand.
It is perhaps rather unexpected that the hair density in the new-born calf is even slightly greater than in Merino sheep at the same conception age (i.e. approximately 4 months after birth). In the adult cow, however, the hair density is very much less than at birth (Carter and Dowling 1954) , whereas in the Merino sheep there is no marked post-natal change in the fibre density (Fig. 10 , percentage of half-time scale) because of the maturation of secondary follicles accompanying skin expansion during growth. The cow, on the other hand, has all its follicles mature (i.e, beyond stage 6) at birth.
It is clearly seen that at the time when the first .hairs emerge there is very little difference in equivalent age between the two species.
In foetuses of the Egyptian buffalo iBos (Bubalus) bubalis L.), Hafez, Badreldin, and Shafei (1955a) found follicle densities (uncorrected for shrinkage) of 28·8, 105·6, and 12·5 per mm'' on the fore-flank region at 1 month, 5 months, and birth respectively. The present authors wonder whether there eould have been some error in the age determination~f the I-month old foetus 'for it seems most unlikely that hair follicles,if they are present at this early age~are still without hairs at 5 months.
(c) Follicle Grouping
In the cow there; is an absence of clearly defined follicle groups, characteristic of sheep and other mammals. De Meijere (1894) states that rather indistinct groups can be seen.. In the present study follicle groups are sometimes quiteapparent below the sebaceous gland level (Plate 5, Fig. 4) but are indistinct at a higher level (Plate 5, Fig. 5 ). As in sheep (Hardy and Lyne 1956 ) most of the follicles formed after the trio group are situated on the ectal side of the group.
(d) Paired Follicles
Branching of .follicles as found .in sheep (Hardy. and Lyne 1956) , bandicoots (Lyne 1957a) , and. other mammals has not been observed in the cow. There is, however, the phenomenon of pairing, apparently not previously described in mammals" where two (occasionally three) follicles, arising independently from the epidermis, share a common. hair canal. None of the pre-or post-natal studies of hair follicles in cattle .refer to this pairing which is apparent in the present observations, particularly in advanced f~etuses and 'new-born calv~s.
(e) Ental Swelling
The ental swelling, characteristic ofthe first-formed follicles in the cow, has been described in various mammals. In the cow this swelling is closely associated with the arrector pili muscle and a similar association is described in man by~tohr (1903) .
Stohr considers various .theories concerning the origin and function of. the swelling. On the one hand there is the belief that it is the arrector pili muscle, attached to the outer root sheath and not lengthening at the same rate as the follicle, which pulls out its side to form the swelling. Against this opinion is the fact that the swelling is present even when there is little or no muscle, as in the guinea pig (Segall 1918 ) and the bandicoot (Lyne 1957a) , at least in the first hair cycle. From present observations on the shape of the swelling and the manner in which the nuclei are arranged (Plate 1 , Figs. 4 , 5, and 6), it would seem that the swelling is not formed by traction of the muscle. Also, occasionally the swelling even extends around to the ectal side of the follicle. Thus its function perhaps is simply to provide a base to enable better attachment of the muscle to the follicle. Stohr suggests, moreover, that during hair replacement, when the follicle bulb shrinks up, the swelling becomes a "Haarbeet" in which the club hair is held until it is shed. He also refers to other authors who hold that this "bed" is a possible source of future accessory hairs.
In cases where a swelling exists in the presence of little or no muscle, it may simply be a vestige of little functional significance.
(f) Changes in the Skin in Relation to the Hair Growth Cycle
The changes in the skin in relation to the first hair cycle in the cow are similar to those which have been described for hair cycles in the mouse (Chase, Montagna, and Malone 1953; Herrmann et ale 1955) and rat (Griesemer 1956 ). As the follicles develop the skin becomes much thicker, chiefly due to an increase in the thickness of the dermis. The increased thickness of the epidermis during the period of follicle activity in the cow (Fig. 8) , is similar to that described in both the mouse and rat.
The skin must reach its adult thickness, at least in some breeds, early in postnatal life, as Dowling (1955b) has shown that "there is no significant difference between Australian Illawarra Shorthorn animals 6 months, 27 months, and 10 years old". Similar results are recorded by Walker (1957a) . Patel and Anderson (1958) , however, found a marked association of the skin thickness with age from birth to 2 years.
(g) Conclusions
The studies reported in this paper are a necessary preliminary step to further pre-and post-natal histological investigations of the skin, hair follicles, and associated glands in different breeds of cattle. At the present time there is widespread interest in various aspects of the adaptation of cattle to tropical environments. Post-natal studies of the skin, with particular emphasis on seasonal and nutritional influences and the changes in relation to the hair growth cycle should be fruitful.
A comparison of the findings reported in the present study with the pre-natal development of skin and hair in Zebu crossbreds (B. indicus xB. taurus) will be dealt with in a subsequent paper.
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